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Electromagnetic pulse (EMP) is a 
known issue for a variety of situa-

tions including short-pulse laser facili-
ties such as LLNL’s Titan and Omega, 
and experts believe EMP will also be 
an issue with NIF. During FY2007, this 
project focused on improving simulation 
capabilities of EM fi elds due to elec-
trons from laser/target interactions, and 
providing post-processing algorithms 
and software.

Project Goals
The overarching goal of this project 

is to simulate EMP in situations like the 
Titan short-pulse laser due to electrons 
from laser/target interactions and to 
compare measurement results with the 
simulations. To accomplish the simu-
lation task, we used EMSolve 3, an 
LLNL EM solver. Unlike most avail-
able codes, EMSolve’s architecture 
allows seamless integration of user-
created sources and boundary condi-
tions, and EMSolve has been augmented 
with electron beam sources.

Relevance to LLNL Mission
An understanding of the EMP 

in Titan, through the simulation 

and analysis in this project, will be 
extrapolated to NIF and other short-
pulse lasers around the world to better 
mitigate EMP effects.

FY2007 Accomplishments and Results
During FY2007, we gained further 

experience in performing simulations 
using the EMSolve processing chain, 
which consists of Cubit, EMSolve, and 
VisIt. Cubit is a meshing tool from San-
dia National Laboratories that is used to 
construct models for EMSolve. VisIt is 
an LLNL code for visualizing simulation 
data. 

We created more realistic CAD mod-
els of the Titan chamber, including fi ner 
details such as optics stands modeled as 
rods. Further, we augmented EMSolve 
so that both the magnetic and electric 
fi elds of electron beam sources can be 
simulated accurately. We also advanced 
our ability to post-process data measured 
by B- and D-dot probes, in particular 
deconvolution of the probe response. 

The deconvolution method we used 
is an optimal method based on the 
Wiener fi lter, which is implemented in 
processing software. We have extend-
ed the software tool and created a user 
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interface called Time-Series Analysis 
Tool (TSAT) that allows quick and 
easy manipulation of time-series data 
and includes data input, signal pro-
cessing, and display capabilities. The 
simulation and post-processing capa-
bilities originating from this project 
have allowed us recently to publish 
a comparison of a simulation of an 
electron beam in Titan and actual, 
measured data.  

The fi gure depicts frames of a time 
sequence of the magnetic fi elds due 
to 1012 electrons in a Gaussian bunch 
with a full-width at half maximum of 
100 ps. 
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Time sequence of simulation of magnetic fi eld due to propagating electron bunch.

FY2008 Proposed Work
Our FY2008 work will include 

improving our CAD models to perform 
more realistic simulations; continu-
ing to perform EMSolve simulations; 
assisting the experimental team in 
the measurement process to better 
understand the measurement system; 
and working with signal processing 
experts to calibrate and analyze the 
data, particularly the data obtained 
from the September 2007 dedicated 
shots in Titan.
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